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摘  要 











格－库塔法、传输矩阵法、基于 Newton-Raphon 方法的算法、Fatemeh 
Abrishamian 提出的算法，分析了这四种的算法的适用性。对于不同类型的光

























A phase-shifted fiber Bragg grating (PS-FBG) is formed when a phase shift is 
incorporated in a uniform fiber Bragg grating (FBG) by breaking up the continuity 
of periodicity of the grating. At present, there has been a significant advance in the 
investigation of PS-FBGs. However, the investigations focused on non-chirped 
PS-FBGs. In this paper, we study the characteristics of chirped PS-FBGs. Compared 
with a non-chirped PS-FBG，in addition to the same characteristics of a non-chirped 
PS-FBG，both the reflection and transmission windows of a chirped PS-FBG can be 
broadened in a wider range. The work in this paper can be used to design the new 
devices based on chirped PS-FBGs. 
In Chapter 1, the development and fabrication of different types of FBGs have 
been summarized, followed by a comprehensive introduction to the applications of 
FBGs in optical communications and sensors. 
In Chapter 2, the theoretical basis of the dissertation is presented. According to 
electromagnetic theory of waveguides, the coupled-mode equations for the 
interactions between the modes are deduced. Furthermore, in order to simulate the 
characteristics of FBGs, we briefly introduce the Runge-Kutta method, transfer 
matrix method, algorithm based on Newton-Raphson method and algorithm by 
Fatemeh Abrishamian, and analyze the applicability of the four algorithms. For 
different FBGs, we should choose the most convenient and fast algorithm. 
In Chapter 3, characteristics of chirped PS-FBGs have been investigated by use 
of transfer matrix method and are compared with those of non-chirped PS-FBGs. 
Applications of chirped PS-FBGs in narrow linewidth single-frequency lasers, 
WDM or DWDM optical communication systems and gain flattening of 
Erbium-doped fibers are discussed.  
In Chapter 4, the characteristics of chirped PS-FBGs under noise have been 
investigated. The wavelength tuning principle of fiber Bragg gratings under strain 
and temperature is introduced. Characteristics of a chirped PS-FBG under strain and 













a good linear relationship with strain and temperature, however, the peak reflectivity 
of transmission window is not sensitive with strain and temperature. 
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第一章     绪论 
1．1 光纤光栅简介 
1．1．1 光纤光栅的发展背景 
   所谓光纤光栅,是光纤中的一种无源器件，它是在纤芯的折射率沿轴向受到
周期性调制，使光在其中的传播行为得以改变和控制。 















































































 ( 1 ) 布拉格光纤光栅（FBG） 
   如图 1.1(a)所示，对均匀周期的 FBG，光栅周期小于 1µm，纤芯折射率变化
为： 
 2( ) 1 cosnn z v z
πδ ⎡ ⎤⎛ ⎞Δ = + ⎜ ⎟⎢ ⎥Λ⎝ ⎠⎣ ⎦
                                    （1－1） 
式中： nδ ——纤芯折射率的平均增加值 
      v——折射率调制系数（0 1v≤ ≤ ） 
      Λ——均匀光栅的周期 




（2）长周期光纤光栅 (Long-period fiber gratings) 
 长周期光纤光栅的周期远远大于一般的光纤光栅，可达到几十到几百微米之
间。对于折射率均匀调制的长周期光纤光栅来说，其纤芯折射率变化为： 
     2( ) 1 cos( )n
zn z v πδ ⎡ ⎤Δ = +⎢ ⎥Λ⎣ ⎦




（Erbium-doped Optical Fiber Amplifier, EDFA）的增益平坦滤波器。 
（3）啁啾光纤布拉格光栅（Chirped FBG） 
   一般的啁啾光栅折射率调制幅度不变，其周期沿光栅轴向逐渐变化，如图
1.1（b）所示。 常用的啁啾光纤光栅是线性啁啾光纤光栅，其折射率变化为： 
   
0
2( ) 1 cosn zn z v z
πδ φ
⎡ ⎤⎛ ⎞
Δ = + +⎢ ⎥⎜ ⎟Λ⎝ ⎠⎣ ⎦
                     （1－3） 



























   取样光纤光栅是对布拉格光纤光栅的折射率调制外加一个周期性采样函
数调制而成的光栅，折射率调制如图 1.1（d）所示，其折射率变化为： 
   
0
2( ) ( ) ( ) 1 cos( ) ( )n
z z z zn z comb rect v rect
p a L
πδ
⎧ ⎫⎡ ⎤⎡ ⎤ ⎪ ⎪Δ = ∗ ⋅ + ⋅⎨ ⎬⎢ ⎥⎢ ⎥ Λ⎪ ⎪⎣ ⎦ ⎣ ⎦⎩ ⎭
     （1－4） 
式中：a——每一段布拉格光栅曝光长度 
      P——取样周期 







     1989 年，美国的 G.Meltz 等人[2]首次用紫外光横向全息技术制成 FBG，之
后带来 FBG 的一系列突破。如图所示，紫外光（UV 光）被分成两束后沿两条
路径传播后重新以夹角 θ 相交形成干涉图案从而能在光敏光纤的纤芯上刻写光




























求大大降低，对制作大批量 FBG 有重要意义。 
(2) 相位掩模法 
    FBG 制作技术的一个重要进展是在 1993 年 Hill[3]等人利用相位掩模照射方
法代替全息曝光法对光纤进行直接刻制。如图所示，将光敏光纤置于相位掩模
板的一侧，使其轴向与掩模板的周期条纹垂直，且紧靠掩模板。UV 光从另一












图 1.3 相位掩模法 
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